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(54) Local telephone service over a cable network using packet voice 



(57) A cable modem supports two-way packet- 
switched traffic and is capable of telephony-type signal- 
ing to provide local telephone services over a two-way 
HFC cable network. The telephony-type signaling is 
transmitted using the TCP/IP protocol over an HFC dis- 
tribution plant This telephony-type signaling includes 
representations of "off -hook." "on-hook." etc. At the cus- 
tomer's premises, the telephony cable modem takes 
any one of a number of forms. For example, the teleph- 
ony cable modem comprises terminal equipment ports 



for coupling to both data terminal equipment such as a 
personal computer and voice terminal equipment such 
as a POTS telephone. Alternatively, the telephony cable 
modem includes POTS functionality and comprises a 
handset and keypad for dialing. As yet another example, 
the telephony cable modem includes a terminal equip- 
ment port for coupling to data terminal equipment that 
also functions as a telephone, such as a personal com- 
puter equipped with a microphone and speakers. 
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Description 

aa,.k qrnund ^ invention 



The present invention relates to communications 5 
equipment, and. more particularly, to telephony-type 

^^"^iSay H could be argued that providing Ir^temet 
servS is the fastest growing -rket in «.e Unrt^ 
states and around the world. For most people access 
Sihe trtern^t is provided via a "plain-old-telephone 
?e.l'ce'TpOTS) connection to an "Internet service pro- 
vS " (ISP) in this instance, one simply has to .ncorpo- 
^ale an arJalog modem into a P^^^'"^' ^"j'P^J^^js? „ 
iuivalent and have a customer account with the ISR 
S S at one level, accessing the Internet th.s wayjs 
AS sucn ai u telephone number assoaated 

^H^^T SP andtggingl^ H^^^^^ at another level. 
SJ;e'on:ttn:fco2nection comprises disparat^V ^ 

'■'"^oTei^le. the POTS connecjon to the ISP is a 
P<?TN -circuit switched- "data call." However, at the ISP 
The llrrrc^becomes "packet-switched" as known 
Tthe a t Tn addition, the customer's analog modem .s 

thP^lQcal- OOP" plant of the local exchange 2S 

ra:jf(LEcTof^^^^ 

SsVn) This local-loop is typically a pa.r of wires con- 
ventionally referred to as "tip/ring." Unfortunately lo^- 
icS^ access has a basic limitation - namely bandwidth. 
SrreX anal^ -^^dems only offer n^^^^ 
SI e g Cthe neighborhood of 33 kbps (thousands 
3 Ss per second), ^nce Internet applications typ.^«y 
rlqul^e farge amounts of data. e.g.. for P-cture« «tc 

mav also involve voice (audio) communications, 
rcces Jngte llmet via a circuit-swrtched local-loop ss 

'^^fnlnr^^tCrliTo^epe^^^^^^ 
is continuing to push data rates on 'ocaHo^p^^^^^^ 
and higher as evidenced by the ^^^^l^'^'^fj^. ^ 
kbos technology from such companies as Lucent Tech 
X es inc. and U.S. Robotics. Further, the -du^^^^^^^^ 

continuing to develop da^/°X?Xda^s G^^^^^^ 
audio communications such as ITU-T standards aT^s^ 
Q 729 Annex A. or G.723. These compression schemes 
SfSvTdecrease data rates needed to s^PPort audio 
faSmission in "real-time" despite the low ban*«idth of 
he focS toop and any inherent delays in Pac^t swrtch- 
ng causi by the Internet. (It should be noted that the 
S bSdth of the local-loop accentuates any such 

-"^Ltrsir Litations of the .o^l-k.^.r 
Internet access have created an opportunity for cable 
mcSem manufacturers to provide Internet accessvia a 
TSe modem. As such, cable modem manufacturers 
aS b^^ning to leverage off of the ^vb •d-fjer^°a'. 55 
(HFC) distribution plant that exists for cable-TV. to pro^ 
Side U-way cable modems capable of accessing the 
llrnet at ignificantly higher data rates. In such an 



archrtecture. high-speed communications exists for both 
voice and data to the Internet 

AS such. ti.e deployment of an HFC plant w^^^^ 

:e an arternative nternet access 
't!»Z^Se an^da^ Unfortunatel^^ we have 
means for bom voice ana uaia rpnlace the 

realized that such an approach does "fj/^^le a 
loc^-loop for basic telephony sen/ice. ^ample^ a 
LEC cannot direct a POTS voice telephone ca^l to a 
^,e modem endpoint. Indeed, ^o"--^^'^;"; ^^^^^ 
two different communications systems at meir door 
One - an HFC plant with two-way cable 
mSem? - is designed for packet-switched data con- 
:S to the internet. TT^e other -the local-loop - 
provides telephone service. 



Therefore and in accordance with the inventive 
concept we have designed a packet-switched two-way 
^H^m^jdem that supports basictelephony-type signal- 
^rAsa^SKeiS^ntiveconceptprovidestheba^^^^^ 
fe? a communications system comprising an HFC plant 
* S^^v Sble modems that provides telephony 
:^ic^rZrS?eliminating the need for a locaHoop 
SSorAs Jsed herein, this ^o-^^^^:^^ 
that supports telephone services is referred to as a 

"^^rTremr-rof the invention, a telephony 
cabll nSlem supports two-way packet-switched traffic 
S is^able of telephony-type signaling using the 
ana is protocol/Internet protocol 

S^pTpHa an ?FC distribution plant. This telephony- 
KnaTng incudes representations of "off-hook," 

"°""AUhltstomer-s premises, the telephony cable 
mndCm takes any one of a number of forms. For exam- 
^ rJteShony cable modem comprises terminal 

'e^'uirme.^ ^"^^^^^^ »° ^Ttlf 
SuipmS t such as a personal computer and voice ter- 
SnS e^uipment such as a POTS telephone^ A«ema^ 
Sely frie telephony cable modem '"eludes POTS 
Llnality and comprises a iiand^^t a^ keypad f^ 
dialina As yet another example, the telephony caoie 
mSn inclides a terminal equipment port for coupling 
SdaU terminal equipment that also functions as a te^e^ 
phone, such as a personal computer equipped with a 

'''''TlTJ^IroT^i^^e. the inventive concept pro- 
vides local telephone service via cable access. 



Pri^« n^^^ri ption of the Drawing 



FIG 1 is an illustrative block diagram of a communi- 
cations system embodying the principles of tiie 

rgTis an illustrative flow diagram of a method 

embodying the principles of the invention: 

ST? Is an illustration of a portion of a telephony- 
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type signaling conveyed In a TCP/IP message in 
accordance with the principles of the invention; 
FIG. 4 shows the telephony signaling path in 
accordance with the principles of the invention: 
FIG. 5 is an illustrative routing table for use in the s 
communications system of FIG. 1 ; 
FIGs. 6 and 7 show Illustrative protocol relation- 
ships in accordance with the principles of the inven- 
tion: 

FIG. 8 is an illustrative block diagram of a cable io 
modem embodying the principles of the invention; 
FIG. 9 is another illustrative block diagram of a 
cable modem embodying the principles of the 
invention; and 

FIG. 10 Is another Illustrative block diagram of a is 
cable modem embodying the principles of the 
invention. 



Detailed Description 

20 

An illustrative high-level block diagram of a commu- 
nications system embodying the principles of the inven- 
tion is shown in FIG, 1. Other than the inventive 
concept, the elements of FIG. 1 are well-known and will 
not be described in detail. Communications systems 10 25 
comprises customer premises equipment 100. 2-way 
HFC plant 200 (referred to herein as HFC 200), data 
point-of-presence (POP) 210. Internet 55. packet phone 
gateway 215. local switch 220, inter-exchange carrier 
network 50, and far-end customer premises equipment 30 
1 65. Also shown on FIG. 1 are other cable drops as rep- 
resented by cable modems 81 and 82, which are also 
assumed to embody the inventive concept. 

Customer premises equipment 100 comprises data 
terminal equipment 110. telephone 115, and cable 35 
modem 105. Data terminal equipment 110 is illustra- 
tively a personal-computer equipped with a speaker and 
microphone for audio communications as known in the 
art along with the necessary hardware and software 
(not shown). Telephone 1 15 is illustratively a POTS tel- 40 
ephone. Both Data terminal equipment 110 and tele- 
phone 1 15 are coupled to cable modem 105 (described 
below). The latter is coupled to HFC plant 200 via coax- 
ial cable 201 . Telephone 1 1 5 is identified by a telephone 
"directory number" (DN). e.g., 908-949-8818, and cable 4S 
modem 105 has an associated "Internet Protocol" (IP) 
address, e.g.. 199.222.104.150. A user of customer 
premises equipment 100 is identified herein by user 
101. 

The HFC plant 200 is representative of a 2-way, i.e., so 
bi-directional transmission, cable network over a hybrid- 
fiber-coaxial cable distribution plant. This HFC distribu- 
tion plant is terminated at the service provider's data 
POP 210, which is representative of equipment for 
switching packet data traffic. The data POP 210 is cou- 55 
pled to Internet 55 and packet phone gateway 215. 
Internet 55 illustratively represents the collection of 
facilities and networks that are called the Internet (It 
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should be noted that alternatively "intranets," or a com- 
bination of Internet/intranet networks, could be used). 

As noted above, data POP 210 is coupled to packet 
phone gateway 215. The latter provides for the interface 
between a packet-switched environment and a circuit- 
switched environment in accordance with the principles 
of the invention (described below). The former environ- 
ment being represented by HFC plant 200. data POP 
210, and Internet 55; while the latter environment is rep- 
resented by the PSTN as represented by local switch 
220 and inter-exchange carrier network 50. Packet 
phone gateway 215 is coupled to the PSTN environ- 
ment via an Integrated Services Digital Network (ISDN) 
interface 216, such as a basic rate interface (BRI), a pri- 
mary rate interface (PRI), or others. 

The PSTN environment is represented by local 
switch 220 and Inter-exchange carrier network 50. As 
such, local switch 220 Is also coupled to other LECs 
(not shown), via facilities 221, and to inter-exchange 
carrier network 50. The latter provides communications 
with customer premises equipment 165, which is illus- 
tratively a POTS telephone coupled to inter-exchange 
carrier network 50 through an associated LEC (not 
shown). User 166 is associated with customer premises 
equipment 165, which is associated with a DN. or tele- 
phone number, of 303-714-0432. (It should be noted 
that although shown separately, local switch 220 repre- 
sents circuit-switching equipment. As such, physically, 
the functions of packet phone gateway 215 could be 
incorporated Into the local switch.) 

At tills point, in order to facilitate urxJerstanding tiie 
Inventive concept, reference should be made to FIG. 2, 
which represents ah illustrative method used herein to 
process a communications call between user 101 and 
user 166. In this example, the communications call is a 
voice call, and it is assumed tiiat user 101 is the calling 
party and user 166 is the called party. In step 400. user 
1 01 dials a telephone number associated with the called 
party, user 166. as known in the art, e.g.. lifting the 
handset, etc.. of telephone 115. As used herein the 
called party telephone number. 303-714-0432. is also 
referred to as the "terminating DN.'* In step 405, cable 
modem 105 (subsequent to detecting telephone 115 
going "off-hook") receives, from telephone 115, the 
sequence of touch-tone digits representing the termi- 
nating DN. In step 410, and in accordance with the 
inventive concept, cable modem 105 formats an ISDN 
Setup message comprising the terminating DN, (In the 
prior art, ISDN equipment communicates signaling via 
an ISDN D-channel using the well known Q.931 stand- 
ard. Although this illustrative embodiment of the inven- 
tive concept uses an ISDN Setup message in the 
context of cable modems and the IP prbtocol, it should 
be realized by those skilled in the art that other equiva- 
lent signaling messages may be defined. Indeed, other 
types of packet-type formats can be used like the asyn- 
chronous transfer mode (ATM).) In step 415. cable 
modem 105 formats an IP message for conveying ISDN 
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sage 250 is ^^own 'n J^lG^S^^tt^^^^^^^^ ^ 
mentioned ISDN SetuP ^es^^e^ « 

s:^rsr rxs^^^^^^^ - 

HFC "!;;f j;^- ^^,,,^3 ^he IP message in step 

"^^^^^^n HatL pSp 210 routes the IP packet to 
425. In step 430 data POP 2io 
packelphonegateway2l5^asatuna ^^^^^3 

L IP address. ^^^^^ Packet phone 

packetphone gateway 215. U.wn P ^^^^^ 

gateway 215 recovers 'SDN w 

t,e received IP packet ^^^^ J,ge to local 

way 215 ^"^^J^!, 2So1 ISDN interface 216. in 

-r-.: - - 1 in Z 

appear at telephone set 165 _ j ^i^n. and as 

'^.'"prf paieTph^'r^^^^^^^ comrnu"!- 
shown in FIG. 4. P^*^®^^,^,.: Jl between local switch 

cates ISDN with the prin- 

220 and cable modern I05j^acco ^^^^ 

clp.es of the 

phone gateway 21 5 ^^^^^J" . ,p ^cket equipment 
to support ISDN signaling infor- 

to support IP as "setup." "ringing." 

mation. equivalent to st^es s ^^ between 

"answer." "disconnect, etc^is com 
,ocal swHch 220 PJ*^ i3Co..?an"^^ .SDN 
ISDN signaling ^^'^.^^ ^ TCP/IP message 

interface 216. and P^;° 21 5 and cable modem 

between packet P^^°"^ JJ^r^' cu^omer premises 
105. For example, upon far JKl oi 

equipment 165 a-^agir^e ^^n' mrtted back to 
ISDN signaling message(s) a ^.j^cuit- 

packet phone 9^^^^^^,^;°^=^ phone gateway 

switched Ss iXment 165 in step 450. 

215 and customer p ernisesW ^^^^^^ 

in step 455. packet Ph°"«^9^^^^^^^ ^^,e modem 
^^f nrpSr? 2^^^ to complete the 

rack:;i^^:^™ ^-^^^ 

gateway215and^le modj ;0^^^^^^ ^^^^^ 
In order to facilitate cdn h -*,ucture or rout- 
phone gateway 215 -j;"%-/,.^3t^^^^^ associ- 
ing table as shown in ^'G- ,P 
ates three fields for f^''!^^^''^^^^ ^ eiS^^sXed 
address, subscriber ^«'«Pl\°"^3""^^^^^ routing 
packet phone f ^«^f„^tr*%rdkrent subscribers 
table shows information for * ee d 
with cable modems ^O^. «J .^^^^ ,,,, 

ir^Fir5;&negatew^^^^^^^^ 



.^war of user 101 are associated with an IP 
telephonenumberd userio gateway 215 of 

address for P^ff' ^hen cable modem 105 of 
199.222.104.160. AS Jich^w^^^^^ 

'?CP«P t senXa' message to IP address 
us ng TCP/in senuo natpwav 215. Simi- 

199.222.104.160 of packet P^one S^^^J 
Z. a telephony-type sion^^^^^^^^^ ,p 
"^"f^ 'iV9%r;or?6 of pfcket phone gateway 
address ^S^ ^^- p .^dress of the TCP/IP message 
,0 215. The source IP address „^g^er. 

from a cable -^^f ^^^dS 

r^SrSTo 'eel- messages from a specHic 

If m Suld be noted that a single IP address 
subscriber. (It snouia uc gateway 215. 

„ couUl be used 'XtfiSs of subscribers could be 
:^gr"t^' d^e^™^^^ P-e gateway IP 

^"Tm^ -^-rel^^S^N^^^^^^^^ 
20 packet phone ga eway ^ tor^f^^bscriber. For exam- 
m^f^SD^^^^^^^^ corresponding 
pie. of FIG. 5 are relayed by packet 

to DNS listed .n tJ%^^'!,°';,„esponding cable modem 
phone gateway 215 ^ f ".JP above example 
,5 at the indicated IP addr^s^Usm^^^^^^ 

when packet P*^"« a^^t^XnWying DN 908-949-881 8. 
ISDN signaling -"^ssage .denwym^^^ 
packetphonega^^ay 21 t^an^^^^^^^^ 

responding IP ^^''^^j j^i.g message in a TCP/IP 
" :::s^g"eTorPaXs?99.2ll04.150 (cable mod^ 

such. teleP-y-type ™ 
packet-sw.ched environ^^^^^^^^^ ^^^^^ p^^. 

35 ices, cable modem ^^f^^ ,3 ^ser 101 to 
vides any of a '^^'^^^^^^'^^.l^.e^i telephony- 
reflect call progress f®sP°'J''l ° ^ted by the ISDN- 
type -9n^-"9.--7- ^^^^^^^^ inUng call 
TCP/IP S'9"al|ng. For examp .^^^ ^.^^^ 

40. is being placed » ' . ,ing message and in 

^"=n?t^STo'^des^"^' g to'alert the use. (It 
response ^^1^^'°^ accordance with ISDN practice, 
Should ringing is generated by 

some audible signauny. • accordance 

. thecustomerpremisesym^^^ 

with the 'f^entve concept, ca ^^^^^^ 
ever, other types of signals^atau^^^ 

••called user busy" ^^^f'^^^^^^^^e tones con- 
aling in the f "If l^^'tb? lo^l switch. In this 

gateway 2l5tocablemodem^^^^^^^ ^^^^^ 

^nTa^'utr TitsSilhS. cable modem 105 
55 user 101 ^'^"^J.J^^^ice for transmission to the 
samples and d.g^«s voj ^^^.^ ^^^p,^ 

called party as rfnop) is used to transmit 

-User Datagram Protocol (UDF) is 
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voice packets to packet phone gateway 215 over the 
packet-switched portion of the connection. This UDP/IP 
method of sending voice packets over a packet- 
switched connection is well-known and minimizes 
packet-switched delays. (There is a trade-off in using 
UDP versus TCP. e.g.. UDP does not guarantee error- 
free transmission and does not require receiver 
acknowledgement.) Upon receiving the packets con- 
taining audio information, packet phone gateway 215 
depacketizes the audio and provides the audio digital bit 
stream to the prior assigned B-channel of ISDN inter- 
face 216 (determined during call setup). Similarly, in the 
reverse direction, packet phone gateway 215 packetizes 
the received audio digital bit stream for transmission to 
cable modem 105 via UDP/IP. Responding to the 
received UDP/IP messages, cable modem 105 depack- 
etizes and converts received audio samples to an ana- 
log form for transmission to telephone 115. 

For reference purposes, FlGs. 6 and 7 show the 
protocol relationships between the packet-side and the 
PSTN-side for the control signaling (FIG. 6) and the 
user channel (FIG. 7). It should be noted in FIG. 6 that 
ISDN call control can use H.323 setup standards. 

It should be noted that in the above description the 
telephone call uses packet transport between cable 
modem 1 05 and packet phone gateway 21 5. and circuit 
transport beyond. As 64 kbps of bandwidth is available 
for a voice call over a single ISDN B-channel no audio 
compression is necessary. However, voice calls to a 
packet-switched endpoint, e.g.. off of Internet 55 of FIG. 
1. may require compression. In this instance, cable 
modem 105 is modified in any number of fashions to 
activate compression/decompression functions as 
known in the art. For example, cable 105 can be admin- 
istered by the user. e.g.. via an equivalent "AT-type com- 
mand" to use compression. Alternatively, cable modem 
105 can adaptively use compression based, e.g., on the 
destination IP address. 

An illustrative block diagram of a cable modem in 
accordance with the principles of the invention is shown 
in FIG. 8. Cable modem 105 comprises telephony por- 
tion 600 and packet portion 700. Although not shown, it 
is assumed cable modem 105 is powered locally (ver- 
sus receiving power through HFC 200). (It should be 
noted that various safeguards can be taken for ensuring 
power to cable modem 105, e.g., via a power source 
with battery backup, etc.) As can be observed from FIG. 
8. cable modem 105 couples to PC 1 10, telephone 115, 
and HFC 200. Also shown in FIG. 8 is a coupling to an 
analog or digital TV set (described briefly below). 

Cable modem functionality portion 700 comprises 
memory 705, CPU 725. receiver 735, tuner 745, and 
splitter/combiner 755, and ethernet interface 760. Split- 
ter/combiner 755 includes a "diplex filter" as known in 
the art. (It should be noted that, alternatively, split- 
ter/combiner 755 can be external to cable modem 105.) 
CPU 725 is a stored -program-controlled central 
processing unit as known in the art, e.g., a microproces- 



sor, coupled to memory 705. which provides both pro- 
gram storage and data storage. CPU 725 controls both 
the transmission, and reception, of packets to, and from, 
HFC 200 via splitter/combiner 755. In particular, in the 

5 transmitting direction. CPU 725 formats data into IP 
packets for application to framer 730. which "frames-up" 
the received data to generate a sequence of TCP/IP or 
UDP/IP frames to transmitter 740. The latter provides 
additional error correction/detection coding such as 

10 Reed-Solomon coding as known in the art and forms a 
modulated intermediate frequency (IF) carrier signal to 
radio frequency (RF) modulator 750. which develops 
the modulated-RF signal for transmission over HFC 200 
(e.g., QPSK modulation as known in the art for 

15 upstream traffic). Similarly, in the receivirig direction, a 
modulated RF signal is received from HFC 200. via 
splitter/combiner 755, for application to tuner 745. The 
latter recovers an RF-modulated signal at a predefined 
tuner frequency (e.g., QAM modulation as known in the 

20 art for downstream traffic). The recovered RF modu- 
lated signal is applied to receiver 735 which demodu- 
lates the recovered RF modulated signal and provides a 
sequence of received TCP/IP or UDP/IP frames to 
framer 730, The latter provides a stream of packets to 

25 CPU 725. which also controls framer 730 via signal 726 
for the purpose of timing/synchronization and error 
detection. (Framer operation is known in the art, e.g., 
see "Digital Transmission Systems." second edition, by 
David R. Smith; Van Nostrand Reinhold, 1992.) Cable 

30 modem 1 05 terminates a cable signal - which is divided 
into different frequency bands, e.g.. a broadcast video 
channel and a data channel (for packets). Splitter/com- 
biner 755 provides any cable-TV signaling to TV 1 70 (it 
is assumed for the purposes of this example, that TV 

35 1 70 includes any required cable TV decoding function). 
CPU 725 forms packets from the digital audio infor- 
mation received from the telephony portion 600. CPU 
725 also handles packets from ethernet interface 760, 
which transmits packets. 

40 Ethernet interface 760 couples to data terminal 
equipment, or personal computer (PC), 110. The latter 
forms a multi-media endpoint. That is. PC 1 10 (as men- 
tioned earlier) is suitably configured to support the 
transmission and reception of data and audio as might 

45 be required, e.g., in an audio conferencing application. 
As noted, PC 110 provides data and audio information 
in the form of packets. 

Telephony portion 600 comprises memory 625, 
DSP 620. converter 610, and subscriber-line-interface- 
so circuit (SLIC) 605. The heart of telephony portion 600 is 
DSP 620 and memory 625. DSP 620 is a stored-pro- 
gram-control digital signal processor as known in the 
art. Memory 625 provides both program storage and 
data storage for DSP 620. SLIC 605 provides the 

55 tip/ring interface to telephone 115. Converter 610 pro- 
vides the interface between the digital world and the 
analog world, i.e., converter 610 is simply a pair of ana- 
log-to-digital and digital-to-analog converters. Teleph- 



5 
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ony portion 600 provides a number of functions. First, a 
telephone network simulator function, via SLIC 605. 
That is. cable modem 105 "looks like" the local loop of a 
telephone network to telephone 1 1 5, via port 604. As a 
result, no modifications are required to be made to tele- 5 
phone 1 1 5 to work with the inventive concept. This tele- 
phone network simulator function provides a set of well- 
known telephone signaling functions like the ability to 
sense off-hook, provide loop current, provide dial tone, 
detect dialing (pulse or DTMF). etc. Since these func- 10 
tions and their implementation are well-known, they are 
not described in detail. SLIC 605 is controlled by CPU 
725 via line 606. Consequently, as ISDN signaling mes- 
sages are received by CPU 725, the latter decodes the 
ISDN signaling messages and controls SLIC 605 to 15 
convey tiie proper signaling back to telephone 115. For 
example, "ringing." etc. Similarly, in the other direction, 
SLIC 605 provides an "off-hook" indication, dialed dig- 
its, etc.. to CPU 725, via control 606. CPU 725 formats 
this information into ISDN signaling messages as 20 
appropriate. 

Another function performed by telephony portion 
600 is the PCM encoding and compression (if neces- 
sary) of audio signals. In the context of the above- 
described example, it was assumed that compression of 
an audio signal was not necessary. As a result, SLIC 
640 coveys audio signals to. and receives audio signals 
from, CPU 725. via converter 610. The latter converts 
between the analog domain and the digital domain (the 
latter represented as a PCM encoded signal or "DSO"). 
However, if necessary, DSP 620 provides for connpres- 
sion and decompression of PCM encoded signals, in 
this case. SLIC 640 conveys audio signals to. and 
receives audio signals from. DSP 620. via converter 
610. DSP 620 receives PCM encoded audio from con- 
verter 610. DSP 620 provides compressed digital audio 
to CPU 725. Similarly, in the reverse direction. DSP 620 
receives a compressed audio digital bit stream from 
CPU 725. decompresses this signal, and provides PCM 
encoded audio to converter 610. which then provides 
analog audio to telephone 115. via SLIC 605. As noted 
above, DSP 620 can be enabled or disabled in any 
number of ways to provide for the compression/decom- 
pression of tiie PCM encoded signaling. 

As can be observed from the above description, the 
inventive concept allows one to plug a regular telephone 
into cable modem 105 to make, arid receive, voice calls 
over what is essentially a packet-switched network. This 
has additional human factors advantages. That is, most 
everyone knows how to use a plain old telephone set. 
Pick up the handset on telephone 115 and cable 
modem 105 provides dial-tone. Depress buttons on the 
dialing pad (not shown) of telephone 115. and cable 
modem 105 transmits an ISDN Setup message to 
packet phone gateway 215. where this ISDN Setup 
message includes the called party number. Upon 
answer, cable modem 105 converts between analog 
audio signals and digital audio signals, tiius providing 



communication to tiie called party. Similarly, in tiie 
reverse direction, when cable modem 105 receives an 
ISDN Setup message, CPU 725 causes SLIC 605 to 
apply a "ringing signal" to telephone 115. Thus, voice 
communications in the opposite direction are achieved. 

Although FIG. 8 shows one illustrative form of a 
cable modem in accordance with the principles of tine 
invention, a cable modem in accordance with the inven- 
tive concept can take on other forms as suggested by 
FIGs. 9 and 10. In these figures, the packet telephony 
function and the cable modem interface function are dis- 
tributed in different fashions. FIG. 9 is illustrative of a 
cable modem tfiat only works with data terminal equip- 
ment configured to provide audio communications in 
accordance witii the principles of tiie invention. In this 
instance, incoming voice-only telephone calls from, e.g.. 
user 166 cause cable modem 105 to provide an incom- 
ing call to PC 1 10. which eitiier causes an alert (audible, 
such as a ringing signal, or visual) to be generated. (In 
this mode of operation, it is assumed that PC 110 is 
powered-on and available to receive incoming ethernet- 
type packets). In contrast, FIG. 10 is illustrative of a 
cable modem that provides an integrated form of tele- 
phone. In the simplest embodiment, functionality previ- 
25 ously found in telephone 1 15 is now included witiiin the 
cable modem as represented by telephone 115\ In 
other words, cable modem 105 has a dial pad. handset, 
etc. (not shown). In this application, the cable modem is 
utilized primarily as a POTS telephone coupled to a 
30 packet-switched environment. It should be realized by 
those skilled in the art that integrating the functionality 
of telephone 115 into the cable modem provides the 
opportunity to simplify the circuit design. 

It should be noted tiiat although physically different 
35 hardware configurations are shown in FIGs. 8. 9, and 
10, the same software can be re-used between tiie 
three illustrative embodiments witii suitable portions 
either eliminated, or via configuration settings disabled. 
For example, in the latter case, a set of "DIP" switches 
40 as known in the art identifies the customer configuration 
for CPU 725. e.g.. no telephone connected, no data ter- 
minal connected etc. Such an approach can also be 
used to identify tiie default endpoint, e.g.. all incoming 
calls from packet phone gateway 215 initially ring tele- 
45 phone 1 1 5. Alternatively such options can be set via a 
"command mode" similar in effect to that found in ana- 
log modems today. 

The foregoing merely illustrates tiie principles of tine 
invention and it will thus be appreciated that those 
so skilled in tiie art will be able to devise numerous alterna- 
tive an-angements which, altiiough not explicitly 
described herein, embody the principles of tiie invention 
and are witiiin its spirit and scope. 

For example, altiiough a "cable modem" was used 
55 to illustrate the inventive concept, it should be realized 
that the equivalent function of the inventive cable 
modem could be included within other equipment such 
as a personal computer, data appliance, etc. 
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Claims 

1 . A modem comprising: 

circuitry (604) for coupling to equipment that 
provides telephony functions; and 
circuitry (730, 740. 750. 755) for transmitting 
the packets 

CHARACTERIZED BY 
circuitry (605, 610. 620. 625. 725) responsive 
to signaling from the equipment for forming 
packets for transmission such that some pack- 
ets include telephony -type signaling informa- 
tion. 

2. The apparatus of claim 1 further 

CHARACTERIZED BY 

receiving circuitry (735, 745) for receiving 
packets; and 

processing circuitry (605. 610. 620, 625, 725) 
responsive to telephony-type signaling infor- 
mation recovered from at least one received 
packet for ringing a telephone coupled to the 
modem. 

3. The apparatus of claim 1 wherein the circuitry for 
forming packets includes telephony-type signaling 
information by including integrated-services-digital- 
network (ISDN) signaling messages in the respec- 
tive packets. 

4. The apparatus of claim 3 wherein the ISDN signal- 
ing messages are compatible with Q.931 . 

5. The apparatus of claim 1 wherein the circuitry for 
transmitting is for coupling to a cable network, 
whereby the modem is a cable modem. 

6. A method for use in equipment for providing tele- 
phone services over a cable network, the method 

CHARACTERIZED BY THE STEPS OF 

coupling to at least one packet facility and at 
least one switched facility; 
receiving a telephone signaling message from 
a switched facility coupled thereto, the tele- 
phone signaling message comprising, at least, 
a called party telephone number; 
identifying a packet address from the called 
party telephone number; and 
transmitting the telephone signaling message 
in a packet form over the packet facility to the 
identified packet address. 

7. The method of claim 6 wherein the transmitting step 
includes the step of using a transaction-control-pro- 
tocol/lnternet Protocol (TCP/IP) in transmitting the 



packet. 

8. The method of claim 7 wherein the telephone sign- 
aling message is an ISDN signaling message. 
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400 



405. 



USER (PC OR PHONE) DIALS THE 
TERMINATING DN (i.e.. 1-303-714-0432) 



I 



FIG. 2 



CABLE MODEM DETECTS OFF-HOOK 
AND RECEIVES TERMINATING DN 



410. 



ISDN SETUP MESSAGE WITH THE CALLED ON IS PREPARED 



415. 



I 



420. 



IP MESSAGE CONTAINING THE ISDN SETUP 
MESSAGE ORIGINATING IP ADDRESS 
(199.222.104.150) AND OESTINAHON 
IP ADDRESS (e.9.,199.2 22.104.160) PREPARED 



IP MESSAGE PACKETCED AND SENT OVER HFC 
NETWORK VIA CABLE MODEM, 
(TCP/IP IS USED FOR ISDN D-CHANNEL 
SIGNALING. UDP/IP IS U SED FOR B-CHANNEL VOICE) 
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IP PACKET RECEIVED 



430 
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435^ 
440v 

445^ 



IP PACKET ROUTED TO PACKET PHONE GATEWAY 



IP PACKET IS RECEIVED AND DEPACKETEED 
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ISDN SETUP MESSAGE IS PUCED ON 
ISDN D-CHANNEL A ND SENT TO SWITCH 
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LOCAL SWnCH RECEIVES ISDN SETUP 
MESSA GE AND PROCESSES CALL 



COMPLETE CALL SETUP FOR CIRCUIT-SWITCHED PORTION 
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COMPLETE CALL SETUP FOR PACKET-SWITCHED FORnON 
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FIG. 3 

TCP/IP TELEPHONE SIGNAQNG 
(PORTION OF IP MESSAGE) 



SOURCE 


DESTINATION 


IP 


IP 



o o o o 




105 



FIG. 4 

^215 



220 





Q.931 




Q.931 




CABLE 
MODEM 


TCP/IP 


PACKa 
PHONE 
GATEWAY 


0-CHANNEL 


LEC 




B-CHANNEL 
UDP/IP 




B-CHANNEL 
ISDN 





FIG.5 



SUBSCRIBER IP ADDRESS 


(DN) 

TELEPHONE NUMBER 


GATEWAY IP ADDRESS 


199.222.104.150 
199.222.104.151 
199.222.104.152 


1-908-949-8818 
1-908-949-7640 
1-908-949-1708 


199.222.104.160 
199.222.104.161 
199.222.104.162 



EP 0 851 653 A2 



FIG. 6 

PSTN INTERWORKING 
CONTROL-PUNE PROTOCOL EXAMPLE 
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FIG.7 

PSTN INTERWORKING 
USER-PLANE PROTOCOL EXAMPLE 
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